SENSOR FOR MEASURING CARBON DIOXIDE IN RESPIRATORY GAS 

BACKGROUND OF THE INVENTION 
Field of the invention 

The present invention relates to a sensor for measuring the 
concentration or presence/absence of carbon dioxide in respiratory 
gas through the nostrils or mouth of a living body . More particularly, 
the invention relates to a simple, compact sensor for measuring 
carbon dioxide in respiratory gas which can improve the accuracy 
in measurement and response. 
Related Art 

In general, when the concentration of carbon dioxide contained 
in respiratory gas from a living body is optically measured, the 
respiratory gas is caused to pass through a cylindrically-shaped 
airway adapter. An infrared ray is radiated onto the respiratory 
gas from a light-emitting element. A voltage corresponding to the 
amount of light which is absorbed by carbon dioxide contained in 
the respiratory gas is detected by a light-receiving element, thus 
measuring the concentration of carbon dioxide. 

Fig. 16 shows the schematic configuration of an example of 
such a related capnometer. As shown in Fig. 16, one end 101a of 
an airway adapter 101 — which is formed into a ' substantially 
cylindrical shape and through which respiratory gas passes — is to 
be connected to a tube inserted into a trachea of a patient . Another 
end 101b is to be connected to a Y piece of a respiratory circuit, 
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such as a ventilator. An intermediate portion of the airway adapter 
101 has a rectangular cross-sectional profile. Circular windows 
101c, lOld are formed in respective, mutually-opposing surfaces 
of the intermediate portion such that the windows are concentrically 
5 alignedwith each other. A sensor main unit 102 is removably attached 
to the intermediate portion of the airway adapter 101. 

The sensor main unit 102 is formed into a rectangular- 
parallelepiped shape, and a U-shaped notch is formed in an 
intermediate portion of the sensor main unit 102 . The intermediate 
ip portion of the airway adapter 101 is to be fittingly attached to 
jj^j the notch. Two mutually-opposing surfaces come into contact with 
P the windows 101c, lOld of the airway adapter 101 . A light-emitting 
Q element 103 emitting a infrared light is disposed on one side with 
p reference to the notch formed in the sensor main unit 102. 
8 A filter 104 for absorbing only light having wavelength to 

s 

be absorbed by carbon dioxide and a light-receiving element 105 
are disposed on the other side with reference to the notch formed 
in the sensor main unit 102. The light-emitting element 103 and 
the light-receiving element 105 are connected to a monitor main 

20 unit 107 via a lead wire 106 . The intermediate portion of the airway 
adapter 101 can be removably attached to the sensor main unit 102. 

In the related capnometer having the foregoing configuration, 
light emitted from the light-emitting element 103 enters the 
light-receiving element 105 bywayof the window 101c, the respiratory 

25 gas in the airway adapter 101, the window lOld, and the filter 104 . 
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The quantity of light corresponding to the concentration of carbon 
dioxide is detected by the light-receiving element 105. An output 
signal from the light-receiving element 105 is input to the monitor 
mainunit 107, where the concentrationof carbon dioxide is displayed. 

In the related-art example, the airway adapter 101 through 
which respiratory gas passes? is attached to the sensor main unit 
102 . A related-art capnometer has a structure in which a sampling 
tube is connected to a sensor main unit disposed in the monitor 
main unit 107. In this case, one end of the sampling tube which 
aspirates part of respiratory gas is connected to the airway adapter 
101 through which the respiratory gas passes. The other end of the 
sampling tube is connected to the monitor main unit 107. A pump 
is disposed in the monitor main unit 107, and respiratory gas is 
led to the sensor main unit disposed in the monitor main unit 107. 

USP 5,099,836 and 5,335,656 describe other types of related 
respiratory gas sensors. USP 5,099,836 shows a partially cutaway 
top view shown in Fig. 17. As shown in Fig. 17, the inside of a 
tubular nasal cannula 201 is separated into a first separate chamber 
203 and a second separate chamber 204 by a wall 202. One end of 
the wall 202 is connected to one side of an interior surface of 
the nasal cannula 201, and the other end of the same is connected 
to the other side of the interior surface, thus hermetically 
separating the two separate chambers 203, 204 from each other. Nasal 
tubes 205/ 206 to be inserted into respective nostrils project in 
parallel with each other from an outer periphery of the nasal cannula 
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201 . The Inside of the nasal tube 205 is separated into passageways 
205a./ 205b by the wall 202 extending from the inside of the nasal 
cannula 201. Similarly, the inside of the nasal tube 206 is separated 
into passageways 206a, 206b by the wall 202. The passageways 205a, 
206a are in communication with the first separate chamber 203, and 
the passageways 20 5b, 206b are in communication with the second 
separate chamber 204. 

An oxygen gas supply tube 207 is connected to one end of the 
first separate chamber 203 of the nasal cannula 201. A tubing 208 
is connected to one end of the second separate chamber 204 for sensing 
the user' s breathing pressure. An oxygen cylinder is connected to 
the tube 207 through a pressure control valve (not shown) . The tubing 
208 is connected to a pressure transducer (not shown) . 

There may be a case where the tubing 208 is used as a sampling 
tube and connected to a carbon dioxide sensing monitor (not shown) to 
measure the concentration of carbon dioxide in respiratory gas. 

In relation to the apparatus for detecting respiratory gas 
configured in the manner as mentioned above, the oxygen supplied 
from the oxygen cylinder through the tube 207 is fed to the nostrils 
through the first separate chamber 203, the passageway 205a of the 
nasal tube 205, and the passageway 206a of the nasal tube 206. Part 
of exhaled gas from the nostrils is discharged to the tubing 208 
through the passageway 205b/ 206b and the second separate chamber 
204,, and the breathing pressure and the concentration of carbon 
dioxide are detected. 
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As shown in Fig. 18, USP. 5, 335, 656 relates to a nasal cannulae 
301 which has a tubular body, is to be attached to the skin in the 
vicinity of the nose, supplies a treating gas to the nostrils, and 
measures the concentration of carbon dioxide in respiratory gas. 
5 A septum- 302 is disposed in the nasal cannulae 301 to define an 
i nha'l at.i on mani fol ri 303 anri an e.xhal at i on mani -Fol 6 304 . A f 1 exi bl e 
tubing segment 305 is connected to one end of the nasal cannulae 
301 for supplying a treating gas to the inhalation manifold 303. 
P A flexible tube segment 306 is connected to the other end of the 
i|f nasal cannulae 301 for aspirating the exhaled gas from the exhalation 
JJ; manifold 304. 

A nasal prong 307 is connected to the inhalation manifold 
1,, 303 for supplying the gas to a f irst nostril . The exhalation manifold 
% 304 is connected to and is communicated with a nasal prong 308 which 
If is fittedtoasecondnostril to aspirate the exhaled gas. Thesegment 
306 is connected to a carbon dioxide measurement sensor (not shown) 
which measures the partial pressure of carbon dioxide in the exhaled 
gas . 

The related capnometer shown in Fig. 16 requires the airway 
20 adapter 101 . The airway adapter 101 is connected to an endotracheal 
tube and a Y piece. Hence, difficulty is encountered in connecting 
the apparatus to a patient to whom no endotracheal tube is attached. 
Further, the apparatus is bulky, expensive, and complicated in 
construction. Further, the airway adapter 101 must be replaced, 
25 thus increasing operating costs. The light-emitting element 103 
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has hitherto involved power consumption of 1W or more. Hence, the 
sensor main unit 102 becomes hot. If the apparatus is designed so 
as to come into direct contact with the skin, the apparatus will 
remain in contact with the skin for a long period of time for 
measurement, thus posing a risk of heat injury. 

When the tubing shown in Fig. 17 ic uocd, there arises a problem 
of the tubing is clogged with moisture in respiratory gas after 
long-term use. Further, the detection tube is disposable, thereby 
adding to operating costs. When the tubing is used as a sampling 
tube, there arises a time lag until the time carbon dioxide gas 
is detected, because the length of the tubing is usually 2 meters 
fl or more. Hence, detecting response becomes slow, which in turn 
p deteriorates detection accuracy. 

According to the related-art example shown in Fig. 17, if 
p one of the pair of nostrils into which the nasal tubes 205, 206 
are inserted has been clogged, the tube inserted in the thus-clogged 
nostril comes to sample air. The concentration of carbon dioxide 
gas in a sampled respiratory gas becomes about one-half the actual 
concentration in respiratory gas, which in turn may cause an error 
20 in measurement. Further, in the related-art example shown in Fig. 
18, if the nostril into which the nasal prong 307 of the inhalation 
manifold 303 is inserted has been clogged, a treating gas cannot 
be supplied to a living body. In contrast, if the nostril into which 
the nasal prong 308 of the exhalation manifold 304 is inserted has 
25 been clogged, detection of carbon oxide gas becomes impossible. 
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SUMMARY OF THE INVENTION 
The present invention has been conceived against such a problem 
and aims at providing a compact, inexpensive sensor for measuring 
carbon dioxide gas in a respiratory gas which can accurately detect 
5 the concentration of carbon dioxide gas even when one of a pair 
of nostrils has been clogged/ * improve measurement accuracy and 
responsibility, and curtail operating costs. 

In order to achieve the object, there is provided a sensor 

(,* for measuring the concentration or presence/absence of carbon 
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ft dioxide in respiratory gas from a living body, comprising: 

flj a support member for supporting a light- emit ting element and 

p a light-receiving element which are disposed on a single optical 

M 

axis so as to oppose each other; and 

%-£ 

j*j a respiratory flow path formed in the support member in such 

W a manner that the respiratory gas can flow so as to cross over the 
m optical axis when the support member is attached to an area located 
below the nostrils of the living body. 

In the present invention, the sensor further comprises 
retaining means for attaching and securing the support member to 
20 a position below the nostrils. 

In the present invention, retaining means corresponds to ear 
straps which are hooked around the ears of the living body for holding . 

In the present invention, the ear straps includes at least 
one of a first lead wire for supplying power to the light-emitting 
25 element and a second lead wire for outputting a signal detected 



by the light-receiving element to the outside such that at least 
one of first and second lead wire is laid in the ear straps- 

In the present invention, the retaining means corresponds 
to an engagement member provided on the support member and engaged 
with a tubular member for supplying oxygen to the nostrils. 

In the present invention, the retaining means ia an oxygen 
mask which covers the face of the living body and supplies oxygen. 

In the present invention, the support member is provided with 
a respiratory guide section for guiding the respiratory gas from 
the nostrils to the respiratory flow path . 

In the present invention, the support member is provided with 
an adapter having nasal prongs to be inserted into the nostrils 
for introducing the respiratory gas from the nostrils to the 
respiratory flow path. 

In the present invention, the support member is provided with 
a respiratory guide section for introducing the respiratory gas 
from the mouth to the respiratory flow path. 

In the present invention, there is provided a sensor for 
measuring the concentration or presence/absence of carbon dioxide 
in gas respiratory from a living body, comprising; 

a support member for supporting a light-emitting element and 
a light-receiving element which are disposed on a single optical 
axis so as to oppose each other; 

a respiratory flow path formed in the support member in such 
a manner that the respiratory gas can flow so as to cross over the 
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optical axis; and 

an oxygen mask covering the face of the living body and supplies 
oxygen, 

wherein the support member is provided on an exterior surface 
5 of the oxygen mask to bring the inside of the oxygen mask in 
communication with the respiratory flow path. 

In the present invention, the light-emitting element is a 
miniature infrared radiation lamp having a power consumption of 
M= 0.3W or less. 

W In the present invention, there is provided a sensor for 

m 

pi measuring the concentration or presence/absence of carbon dioxide 
¥,=? in respiratory gas from a living body, comprising: 
% an airway case opened on both ends thereof and having at least 

j" a circumferential wall having a hole formed therein for passing 
15 through the respiratory gas; and 

a pair of holding members for hermetically holding 

transparent thin films between respective end faces of the airway 

case; 

a pair of supporting members respectively fitted into the 
20 outer end faces of the pair of holding members, for supporting a 
light-emitting element and a light-receiving element which are 
disposed on a single optical axis so as to oppose each other, 

wherein the airway case is attached to a position below the 
nostrils of the living body, the respiratory gas can cross over 
25 the optical axis. 
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In the present invention the thin films are anti-fogging films 
for preventing condensation of moisture in the respritaory gas on 
the surfaces of the films. 

In the present invention, a pair of supporting members are 
removably engaged with a pair of holding members through engagement 
members . 

In the present invention, the airway case is provided with 
an adapter having nasal prongs to be inserted into the nostrils 
for introducing respirator gas from the nostrils into the airway 
case. 

In the present invention the airway case has a respiratory 
guide section for introducing respiratory gas from the mouth into 
the airway case. 

According to the present invention, there is provided a 
respiratory gas from a living body can be guided directly to an 
optical axis of a sensor through a respiratory flow path provided 
in the sensor. Hence, there is obviated a necessity for an airway 
adapter and a sampling tube, which have hitherto been employed, 
thereby rendering the sensor compact and less expensive. Even if 
one of the nostrils becomes clogged, the concentration of carbon 
dioxide gas can be detected accurately, thereby improving 
measurement accuracy and responsibility. 

According to the present inventions, a cylindrical member 
through which respiratory gas flows and a support member for 
supporting a light- emitting element and a light-receiving element 
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are formed separately and removably from each other. Hence, 
production of a cylindrical member is facilitated/ as is cleaning 
of the cylindrical member. Moreover/ thin films are hermetically 
interposed between the cylindrical member and the support member 
by holding members. Hence, so long as the thin films are formed 
from a anti-fogging film, occurrence of clouding due to moisture 
in respiratory gas can be prevented, thereby enabling accurate 
measurement of concentration of carbon dioxide gas in the respiratory 
gas . 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a transverse cross-sectional view showing an example 
configuration of a sensor for measuring the concentration of a carbon 
dioxide in respiratory gas according to a first invention; 

Fig. 2A is a perspective view showing an overview of one 
configuration example of a sensor main unit; 

Fig. 2B is a perspective view showing an overview of another 
configuration example of the sensor main unit; 

Fig . 2C is a perspective view showing an overview o f ye t another 
configuration example of the sensor main unit; 

Fig. 3 is a perspective view showing the sensor main unit 
shown in Fig. 1 when the unit is fastened by ears by way of ear 
straps; 

Fig. 4 is a perspective view showing the sensor main unit 
shown in Fig. 1 when the unit is attached to a nasal tube; 
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Fig. 5 is a perspective view showing a state in which lead 
wires embedded in the ear straps shown in Fig. 4 are bundled into 
one side of the sensor main unit; 

Fig. 6 is a perspective view showing a state in which an adapter 
having nasal prongs is attached to an outer peripheral surface of 
the sensor main unit shown in Fig. 3; 

Fig. 7A is an exploded perspective view showing the principal 
features of the sensor main unit shown in Fig. 6; 

Fig. 7B is a front view showing an example of another geometry 
of the nasal prongs shown in Fig. 6; 

Fig. 7C is a front view showing an example of yet another 
geometry of the nasal prongs shown in Fig, 6; 

Fig. 7D is a perspective view showing an another example of 
configuration of the adapter shown in Fig. 6; 

Fig. 7E is an exploded view showing the adapter when it is 
fitted into the sensor main unit shown in Fig. 7D; 

Fig . 8 is a perspective view showing an example of configuration 
of an example of a sensor for measuring the concentration of a carbon 
dioxide in respiratory gas according to the second invention; 

Fig. 9 is a perspective view showing the sensor main unit 
shown in Fig. 1 when the sensor main unit is attached to an exterior 
surface of an oxygen mask; 

Fig. 10 is a partially cutaway front view showing an respiratory 
gas inlet guide when provided at the entrance of a respiratory flow 
path of the sensor main unit shown in Fig. 1; 
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Fig. 11 is a perspective view showing an air guide for nasal 
respiration and an air guide for oral respiration provided in the 
respiratory gas inlet guide shown in Fig. 10; 

Fig. 12 is a transverse cross-sectional view showing an example 
configuration of the third invention; 

Fig. 1? is a longitudinal cross-sectional view shown in Fig. 

12; 

Fig. 14 is an exploded perspective view shown in part of Fig. 

12; 

Fig. 15 is aperspective assembly view of the principal features 
shown in Fig. 12; 

Fig . 1 6 is a descriptive view showing a schematic configuration 
of an example of a related capnometer for measuring the concentration 
of a carbon dioxide gas; 

Fig. 17 is a longitudinal cross-sectional view showing an 
example configuration of a related-art nasal tube; and 

Fig. 18 is a perspective view showing another example 
configuration of the related-art nasal tube. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Embodiments of a sensor for measuring the concentration of 
a carbon dioxide gas in respiratory gas according to the invention 
will be described herein below by reference to the accompanying 
drawings . 

Figs . 1 is a transverse cross-sectional view showing an example 
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configuration of a sensor according to a first invention. As shown 
in Fig. 1, a sensor main unit 1 which is formed from resin or metal 
into a substantially cylindrical shape and serves as a support member 
is axially separated into three chambers . A light-emitting element 
2 is disposed in a chamber located at one end of the three chambers, 
and a light-receiving element 3 is disposed in another chamber located 
at the other end of the three chambers. An respiratory flow path 

4 is formed so as to vertically penetrate a middle chamber of the 
three chambers. The respiratory flow path 4 is hermetically 
separated from the adjacent two chambers by partitions . An opening 
section is formed in each of the partitions. A transparent window 

5 which permits transmission of light is hermetically fitted to 
the opening section formed in the chamber having the light-emitting 
element 2 provided therein and to the opening section formed in 
the chamber having the light-receiving element 3 provided therein. 
A filter 6 which permits transmission of only light having a 
wavelength to be absorbed by a carbon dioxide gas is provided on 
the light-receiving element 3. 

A lead wire 7 is connected to the light-emitting element 2 
for supplying voltage. A lead wire 8 is connected to the 
light-receiving element 3 for extracting a detected signal to the 
outside. The lead wire 7 is retained by the sensor main unit 1 through 
a socket 9, and the lead wire 8 is retained by the sensor main unit 
1 via a socket 10. The light-emitting element 2 is constituted of 
a miniature lamp which radiates Infrared rays with power consumption 
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of 0.3W or less. 

Figs. 2A through 2C show another example configurations of 
the sensor main unit 1 shown in Fig. 1. Fig. 2A shows an example 
in which both ends of the sensor main unit 1 are bent so as to match 
5 the contour of part of the face located below nostrils of a living 
body. Even _in this case, the light-emitting clement 2 and the 
light-receiving element 3 are aligned with a single optical axis, 
spaced a given distance from each other, and secured to and retained 
% on the sensor main unit 1. In this example, the sensor main unit 
JJR) 1 can be stably retained on the face of the living body. 

Fig. 2B shows an example in which the sensor main unit 1 is 
formed into a rectangular-parallelepiped, the respiratory flow path 
4 provided by cutting off the axial center of the rectangular 
g parallelepiped. Here, the sensor main unit 1 may be cylindrical. 
jljjS Fig. 2C shows an example of the sensor main unit 1: that is, 

the end section having the light- emit ting element 2 housed therein 
and the end section having the light-receiving element 3 housed 
therein, are connected together by a plurality of connecting rods: 
e.g., four connecting rods la. In this configuration, even if 
20 respiratory gas crosses over an optical path between the 
light-emitting element 2 and the light-receiving element 3 at 
substantially any angles, measurement of the respiratory gas can 
be effected. Hence, so long as an optical path is orthogonal to 
the flow of the respiratory gas, there is increased the area for 
25 Positioning the sensor main unit 1 to be attached below the nostrils. 
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Next will be described retainingmeans for retaining the sensor 
main unit 1 constructed in the manner mentioned above to a position 
located below the nostrils of the face of a subject. Fig. 3 is a 
perspective view showing a first example configuration of the 
retaining means. Ear straps 12, 13 are connected to the respective 
ends: of the sensor main unit 1. The lead wire 7 or 8 is embedded 
in one of the ear straps 12, 13, and the remaining lead wire is 
embedded in the remaining year strap. Hooking the ear straps 12, 
13 around ears 14, the sensor main unit 1 is retained in a position 
located below the nostrils IS. 

Fig. 4 is a perspective view showing a second example 
configuration of the retaining means. A nasal tube 16 which is a 
tubular member for supplying oxygen into the living body is inserted 
into the nostrils 15 of the subject. Tubes 17, 18 are connected 
to the respective ends of the nasal tube 16 for supplying oxygen. 
A U-shaped grip 19 serving as an engagement member is formed 
integrally with an outer peripheral surface of the center portion 
of the sensor main unit 1 so as to project to the outside. 

In this configuration, as a result that the grip 19 of the 
sensor main unit 1 is fitted to the outer circumferential surface 
of the nasal tube 16, the sensor main unit 1 can be attached to 
and retained on a position below the nostrils 15 of the subject. 
At this time, the tubes 17, 18 of the nasal tube 16 are put around 
the ears 14 of the subject. As shown in Fig. 4, if the ear straps 
12, 13 of the sensor main unit 1 are hooked around the ears 14/ 
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the sensor main unit 1 can be retained more reliably. In this state, 
respiratory gas from the nostrils 15 is introduced into the 
respiratory flow path 4 of the sensor main unit 1 . The sensor main 
unit 1 can detect the concentration or presence/absence of a carbon 
dioxide gas. 

As shown in Fig. 4, there has been described a case where 
the ear straps 12, 13 having the lead wires 7, 8 embedded therein 
are connected to the respective ends of the sensor main unit 1. 
As shown in Fig. 5, the lead wires 7, 8 may be bundled into a single 
wire and may not be put around the ear 14. In this case, the sensor 
main unit 1 is retained by the nasal tube 16 by way of the grip 
19. 

In place of using the ear straps 12, 13 shown in Fig. 3, a 
tape may be used a© retaining means for retaining the sensor unit 
1 on the face of the subject. 

As the perspective view shown in Fig. 6, the outer peripheral 
surface of the respiratory flow path 4 formed in the sensor main 
unit 1 is covered with a semi-cylindrical adapter 32 having a pair 
of nasal insertion prongs 31 . m this case, as shown in an exploded 
perspective view shown in Fig. 7A, the nasal prongs 31 communicate 
with the inside of the adapter 32, and the respiratory gas from 
the nose is guided to the respiratory flow path 4 of the sensor 
main unit 1. As shown in Fig. 7A, the pair of nasal prongs 31 may 
be separated from each other. Alternatively, as shown in Fig. 7B, 
the shape of nasal prongs 31 may be letter V. Further, as shown 
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in Fig. 7C, the shape of nasal prongs 31 may be letter U. Further, 
as can be seen from a perspective view shown in Fig. 7D, the adapter 
32 may be formed into a substantially-cylindrical shape. As can 
be seen from a perspective view shown in Fig. 7E, the adapter 32 
5 may be inserted into the respiratory flow path 4 of the sensor main 
unit 1 - In this ease, aix opening section 32a ie formed in the bottom 
of the adapter 32 for circulation of respiratory gas. 

Fig. 8 is a perspective view showing an example configuration 
JL'J of the second embodiment of the invention. In this example, the 

leal 

10 sensor main unit 1 is attached to and retained on an interior surface 
Ipi of an oxygen mask 20 attached to the face. As shown in Fig. 8, the 
U oxygen mask 20 is fastened around the ears 14 by bands 21. A pair 
q of annular adapters 22 are secured on positions below the nostrils 
p 15 in the oxygen mask 20 so as to oppose each other. The adapters 
f|5 22 are jointed together by a connecting rod 23 . The grip 19 provided 
on the sensor main unit 1 is fitted to the connecting rod 23 so 
that the sensor main unit 1 is retained in the oxygen mask 20. At 
this time, the ear straps 12, 13 connected to the sensor main unit 
1 are fastened around the ears 14. 
20 Even the present example yields the same operation and working 

effect as those yielded in the first example shown in Fig. 3. 

Fig. 9 is a perspective view showing a fourth example of the 
retaining means . In this example, the sensor main unit lis attached 
to and retained on the exterior surface of the oxygen mask 20 attached 
25 to the face. As shown in Fig. 9, the sensor main unit 1 is fixed 
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to a position on the exterior surface of the oxygen mask 20 where 
a respiratory hole is to be formed, by way of an annular adapter 
24. The sensor main unit 1 measures a carbon dioxide gas in the 
respiratory gas from the oxygen mask 20. 

Even the present example yields the same operation and working 
ftffer.1- a.«t those yielded in the first example shown in Fig. 3. 

Fig. 10 is a partially cutaway front view showing an example 
in which a respiratory guide section 25 is provided at the entrance 
of the respiratory flow path 4 of the sensor main unit 1 for guiding 
exhaled gas to the respiratory flow path 4 . The respiratory guide 
section 25 has the shape of a funnel which can be brought into intimate 
contact with an area of the face located below the nose. 

In the example/ a respiratory gas can be introduced into the 
respiratory flow path 4 without fail. Even if one of the nostrils 
15 has been clogged, a carbon dioxide gas in the respiratory gas 
can be detected without fail. 

Fig. 11 is a perspective view showing another example 
configuration of the respiratory guide section. In the example," 
an air guide for nasal respiration 26 and an air guide for oral 
respiration 27 are fixed to the outer periphery of the respiratory 
flow path 4 of the sensor main unit 1. The air guide for nasal 
respiration 26 has the shape of a funnel, and notches 26a are formed 
in the center positions of respective sides of the air guide 26, 
thus enabling insertion of the nose. The notch 26a may be formed 
in one side of the air guide 26 facing the living body, and there 
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may be obviated a necessity for forming the notch 26a in the other 
side . Depending on the height of the air guide for nasal respiration 
26, the notches 26a formed in both sides of the guide section may 
be obviated. 

The air guide for oral respiration 27 is situated so as to 
oppose the month, when the sensor main unit 1 is attached to the 
face and is formed into a plate warped toward the mouth. 
Alternatively, only either the air guide for nasal respiration 26 
or the air guide for oral respiration 27 may be provided on the 
sensor main unit 1. 

Figs. 12 through 15 show examples of the third invention. 
Fig. 12 is a transverse cross-sectional view; Fig. 13 is a 
longitudinal cross-sectional view; Fig. 14 is an exploded 
perspective view; and Fig. 15 is a perspective assembly view of 
the principal features. As shown in these drawings, both lateral 
sides of an airway case 41 formed into a rectangular-parallelepiped 
shape are opened, A circular hole 41a is formed in the upper surface 
of the airway case 41 so that an adapter, which is thin circular 
shaped, tobedescribedlateristobeinsertedintothehole. Further, 
a rectangular ventilating hole 41b is formed in the lower surface 
of the airway case 41. An adapter 43 — on which two flexible nasal 
insertion prongs 42 made of, e.g., silicone rubber, are provided 
in an upright position— is fittingly attached to an adapter reception 
41d provided on the upper surface of the airway case 41 . Lower ends 
of the nasal prongs 42 are brought in communication with the inside 
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of the airway case 41. 

An anti-fogging film 44 which is a thin film is provided on 
each of the lateral sides of the airway case 41. A anti-fogging 
film case 45 is disposed outside of the each anti-fogging film 44 
5 as a holding member. A step section 45a to be fitted into the inner 
periphery of one side of ths air way case 41 is formed in an outer 
periphery at one end of the anti-fogging film case 45. The 
anti-fogging films 44 are pressed against the respective lateral 
\& sides of the airway case 41 by the anti-fogging film case 45. The 
|| steps 45a are fitted to the internal circumferences of the lateral 
m sides so that the anti-fogging films 44 can be hermetically fastened 
yg to the airway case 41. A hook 41c— with which an air adapter for 

L oral res P ira tion to be described later is engaged— is provided on 

13 

yj one side of the airway case 41. 

ft 

If Arms 45b are formed integrally with both sides of the 

pi anti-fogging film case 45 so as to proj ect in the direction opposite 
to the step section 45a. An engagement hole 45c is formed in the 
vicinity of extremity of each arm 45b. A V-shaped notch 45d is formed 
in the center of the lower surface of the anti-fogging case 45 which 

20 opens in the same direction in which the arms 45b extend. 

A light-emitting section 46 is attached to the outer side 
of one of the anti-fogging film cases 45, and a light-receiving 
section 47 is attached to the outer side of the remaining anti-fogging 
film case 45. The light- emitting section 46 is constituted of a 

25 rectangular-parallelepiped shaped light-emitting section case 51 
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serving as a support member for housing a light- emit ting element 
48, a reflecting mirror 49, and a window 50 made of sapphire in 
an aligned manner. Further, the light-receiving section 47 is 
constituted of a rectangular-parallelepiped shaped light-emitting 
5 section case 54 serving as a support member for housing a 
light-receiving element 52 and a window 53 made of sapphire in an 
aligned manner. A lead wire 55 connected to the light-emitting 
element 48 is led to the outside of the case 51 via a socket 57. 
% Similarly, a lead wire 56 connected to the light-receiving element 
m 52 is led to the outside of the case 54 via a socket 58, 

A hook 51a is provided on either side surface of the 
light-emitting section case 51. a projection 51b is provided on 
the upper surface of the light-emitting section case 51. When the 
light-emitting section case 51 is fitted into the space defined 
jj between the arms 45b of the anti- fogging film case 45, the hook 
51a is engaged with and locked by the engagement holes 45c formed 
in the respective arms 45b . The pro j ection 51b provided on the upper 
surface of the light-emitting section case 51 is brought into contact 
with and positioned by the upper end face of the anti-fogging film 
20 case 45. Further, a triangular projection 51c is provided on the 
lower surface of the light- emitting section case 51. At the time 
of assembly, the projection 51c is engaged with and positioned by 
the notch 45d formed in the lower end face of the anti-fogging film 
case 45. a hook 54a and projections 54b, 54c, which operate in the 
25 same manner as the hook 51a and the projections 51b, 5i c , are formed 
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on the light-receiving section case 54. 

An air guide for oral respiration 59 is removably attached 
to one side surface of the airway case 41. The air guide for oral 
respiration 59 is formed from, e.g., flexible polypropylene, into 
the shape of a spoon. A hole 59a is formed in an upper part of the 
air guide for oral respiration 59 so that the hook 41c formed on 
the airway case 41 is fitted to the hole. 

According to this example, the light- emitting section case 
51 and the light-receiving section case 54 are removably attached 
to the airway case 41. Hence, bonding of the windows 50, 53 made 
of sapphire to the corresponding cases 51, 54 is facilitated, thus 
improving productivity. Further, cleaning of the airway case 41 
is also made easy. 

The foregoing configuration example has described a case where 
respiratory gas from the nose is introduced to the airway case 41 
via the nasal prongs 42. Alternatively, the adapter 43 having the 
nasal prongs 42 maybe omitted, and respiratory gas maybe introduced 
directly into the airway case 41. If the air guide for oral 
respiration 59 is not necessary, it may be omitted. 

As has been described, a sensor for measuring the concentration 
or presence/absence of carbon dioxide in respiratory gas from a 
living body according to the present invention comprises a support 
member for supporting a light-emitting element and a light-receiving 
element which are disposed on a single optical axis so as to oppose 
each other; and a respiratory flow path which is formed in the support 
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member and through which respiratory gas can flow so as to cross 
over the optical axis when the support member is attached to an 
area located below the nostrils or to an oxygen mask covering the 
face of the living body. Hence, an airway adapter and a sampling 
tube, which have hitherto been used, become unnecessary, thereby 
rftnHfiring the sensor compact and less-expeneivc. Further, 
measurement accuracy and response of the sensor are improved. 
Moreover, since the power consumed by the light-emitting element 
is made smaller, a temperature rise becomes smaller, thus obviating 
a risk of occurrence of a burn. 
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